Results: A threonine insertion (E35E T) was detected in 2.69% (n = 7) of the sequences analyzed and all the sequences that possessed this insertion were identified as subtype C. All the seven inserted sequences clustered in the same lineage of the phylogenetic tree. Heterosexual and intravenous drug use were found to be the routes of infection. No major mutations in the PR coding region associated with resistance to PIs were detected. Conclusions: It was found the highest prevalence of PR codon 35 insertion among treatment-naïve HIV-1 infected individuals ever reported in the western countries. Epidemiological data and Phylogenetic analysis indicated the possibility of transmission of this insertion. The results suggested that these inserted strains have normal susceptibility to PIs containing regimens. This study demonstrated the spreading epidemic of PR codon 35 inserted strains from subtype C in the Central Region of Portugal, during the past eight years.
Background
Human immunodeficiency virus type 1 (HIV-1) is characterized by extensive genetic variability caused by the high mutation rate of HIV-1 genome associated with the low fidelity of the reverse transcriptase (RT), the lack of proofreading function and the rapid turnover of viral population. 1 A heterogeneous group of insertion mutations ranging from 3 to 18 nucleotides has been identified in HIV-1 strains at positions 17, 19, 22, 25, 31, 33, 35, 36, 37, 70 , and 95 of the protease (PR) coding region. [2] [3] [4] [5] [6] [7] [8] These insertion mutations are likely generated by the RT stalling and primer/template slippage that is also believed to generate RT insertion mutations. 9, 10 Amino acid insertions in the PR coding region have been reported * Corresponding author. Tel.: +351 239 400 595; fax: +351 239 400 595.
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in protease inhibitors (PIs) experienced and treatment-naïve HIV-1 infected individuals with prevalence ranging from 0.1% 3 to 4.55%, 11 and have been rarely found in non-B HIV-1 subtype strains. 6 It is still unclear the relative contributions of amino acid insertions in the PR coding region to the overall resistance to PIs and/or viral replication capacity. Amino acid insertions in the PR coding region have been reported not to modify the susceptibility to PIs, 3, 12, 13 However, a recent study reported that the amino acid insertions L33L L and E35E E contribute to the viral resistance to most of the tested PIs. 8 
Objectives
The objective of this study was to investigate the presence of amino acid insertions in the PR coding region in treatment-naïve HIV-1 infected individuals in the Central Region of Portugal. 
RNA extraction, reverse transcription, amplification and sequencing
Viral RNA was extracted from plasma samples using the QIAamp Viral RNA Mini Kit (Qiagen). The PR and RT coding regions of the pol gene (1302 base pairs) were reverse transcribed, amplified and sequenced using the ViroSeq HIV-1 Genotyping System v2.0 (Celera Diagnostics) and an automated DNA sequencer, ABI Prism 3100 Genetic Analyzer (Applied Biosystems).
Phylogenetic analysis and resistance mutations
Phylogenetic analysis was carried out for HIV-1 genetic subtype identification using the neighbor-joining method. 14 The pol nucleotide sequences and HIV-1 reference sequences obtained from the Los Alamos HIV database (http://hiv-web.lanl.gov) were aligned using ClustalX. 15 PR codon 35 insertions were removed from nucleotide sequences prior to alignment. The pairwise distance matrix was estimated using the Kimura two-parameter model 16 and a transition/transversion ratio of 2.0 with the DNAdist program, as implemented in the PHYLIP software package (available at http://evolution.gs.washington.edu/phylip.html). Bootstrap re-sampling (1000 replicates) of the multiple alignment was performed to evaluate the reliability of the inferred tree. 17 The prevalence of HIV-1 drug resistance associated mutations in the PR coding region was estimated according to the International AIDS Society mutation Table 18 and by taking into account only major mutations in the PR coding region. Minor mutations in the PR coding region were not counted as molecular indicators associated with resistance given their high prevalence particularly for some of the HIV-1 non-B subtypes. The assessment of the impact on first line therapy response was done using the Stanford University HIV-1 genotypic resistance interpretation algorithm (http://hivdb.stanford.edu).
Nucleotide sequence accession numbers
The inserted nucleotide sequences of HIV-1 pol gene obtained in this study were submitted to GenBank and are available under the following accession numbers: FJ360877 (04PTHC 34), FJ360878 (04PTHC 38), FJ360879 (04PTHC 54), FJ360880 (04PTHC 60), FJ360881 (00PTHC 56), FJ360882 (08PTHC 17), and FJ360883 (08PTHC 84).
Results
A threonine (ACA) insertion (E35E T) between codon 35 and 36 was detected in 2.69% (n = 7) of the sequences analyzed (n = 260). All sequences that possessed the PR codon 35 insertion were identified as HIV-1 subtype C, and represented 43.75% of the sequences identified as subtype C (n = 16) in this study. All 7 inserted isolates formed a cluster in the phylogenetic tree clearly bootstrap supported (bootstrap value of 1000), indicating their monophyletic origin (Fig. 1) . The epidemiological background revealed that these seven individuals carrying the inserted strains five were white males and two were white females. All individuals were resident in the city of Coimbra (Central Region of Portugal) and all reported that HIV-1 infection was probably acquired in this region indicating a possible epidemiological linkage between them. The female carrying the 08PTHC 84 strain admitted being a sexual worker. Three male individuals (00PTHC 56, 04PTHC 34 and 04PTHC 54) reported heterosexual risk behaviour with sexual workers from this region. However, only in one case was possible to clearly establish an epidemiological linkage where the female carrying the 04PTHC 38 strain reported unprotected sexual intercourse with the male carrying the 04PTHC 34 strain. Heterosexual (71.4%; n = 5) and intravenous drug use (28.6%; n = 2) transmission were found to be the routes of infection. These individuals had median HIV-1 RNA viral load and CD4 + count of 348,720 copies/ml and 179 cells/mm 3 , respectively (Table 1) . No major mutations in the PR coding region associated with resistance to PIs were detected in the nucleotide sequences from the seven inserted isolates. Two individuals carrying the E35E T inserted strains started antiretroviral treatment with PIs containing regimens and had a normal virological response: the individual carrying the 08PTHC 17 strain started with lamivudine, zidovudine, and lopinavir/ritonavir, achieving HIV-1 RNA viral load <50 copies/ml by week 5; the individual carrying the 04PTHC 54 strain started with lamivudine, zidovudine, and indinavir, achieving HIV-1 RNA viral load <50 copies/ml by week 28.
Discussion
It was found the highest prevalence (2.69%) of the PR codon 35 insertion (E35E T) among HIV-1 infected individuals ever reported in Europe 8 and the United States. 3, 13 All the PR codon 35 inserted strains in the Central Region of Portugal were isolated from treatment-naïve subtype C infected individuals while previous reports were associated mainly with PIs experienced HIV-1 infected individuals. 3, 8, 13 Furthermore, to our knowledge, this is the highest prevalence of amino acid insertions in the PR coding region ever found in HIV-1 non-B subtype strains. Since HIV-1 subtype C accounts for more than 50% of all infections worldwide, concentrated in regions (Southern and East Africa, and India) 19 where genotyping in the monitoring of HIV-1 infection is not or poorly available, with increasing use of genotyping it could be expected that more PR inserted strains will be detected.
By combining epidemiological data of the individuals (Table 1 ) and the topologie of the phylogenetic tree ( Fig. 1) , this study demonstrated the heterosexual and intravenous drug use transmission of these inserted strains among hosts which is consistent with previously reported evidence of transmission between sexual partners. 2, 11 The HIV-1 RNA viral load and CD4 + count of the seven individuals harboring the inserted isolates varied to a large extent ( Table 1 ), suggesting that E35E T insertion is not associated with clinical disease progression. However, the origin of this insertion mutation was not elucidated.
Two individuals started antiretroviral treatment with PIs containing regimens and achieved undetectable viral load levels, suggesting that the E35E T insertion in the PR coding region does not contribute directly to PIs resistance which is in agreement with all 2,3,13 except one, 8 of the previous studies concerning insertion mutations at position 35. However, several observations 3, 8, 13 suggest that insertion mutations at position 35 might confer an advantage in the replication capacity and survival of HIV-1 variant under selective drug pressure. Therefore, further investigation to characterize their effects on the viruses by studying PR resistance and replicative capacity and on the enzyme directly by using enzymological and structural analysis are needed.
In conclusion, our findings demonstrate the spreading epidemic of PR codon 35 inserted strains from subtype C in the Central Region of Portugal, during the past eight years. For this reason it is important to know that this insertion mutation could be present before PIs treatment and is unlikely to influence treatment with these drugs.
